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The writing of this and the previous book Matrix Analysis by the same 
authors is a wonderful achievement both for the two authors and for the field 
of matrix theory. 
The early history of matrix theory is well described in MacDuffee’s 
Theory of Matrices from 1946, in which he gives an exposition of many, if not 
all, noteworthy results on matrices from 1759 (Lagrange) to 1932. The next 
landmark book in linear algebra must be Gantmacher’s two volume Matrix 
Theory of 1959. Thereafter we must note Lancaster’s Theoy of Matrices of 
1969 and its revision, jointly with Tysmenetsky, in 1985. The 1980s have seen 
an increase in landmark books on matrices with the appearance of four 
volumes by Gohberg, Lancaster, and Rodman or by Bart, Gohberg, and 
Kaashoek from 1979 to 1986: Minim& Factorizution of Matrix and Operator 
Functkms, Matrix Polynomials, Matrices and Indefinite Inner Product Spaces, 
and Znvariant Subspaces with Applications. These four books do not offer 
matrix theory for itself, but rather use and expand our knowledge of matrices 
via applications. Other landmarks on the edge of “core linear algebra” easily 
come to mind: Wilkinson’s The Algebraic Eigenvalue Problem of 1966; 
Parlett’s The Symmetric Eigenvulue ProbZem of 1980; Golub and van Loan’s 
Matrix Computations of 1983, revised in 1989; Berg’s Lineare Gleichungssys- 
teme mit Banokmktur of 1986. 
Those that have read this far can easily think of other landmark books of 
their own choice, but for “core linear algebra” not much has happened since 
Gantmacher’s books until Horn and Johnson redefined the whole field with 
their two book series: Matrix An&y& in 1985, and Topics in Matrix Analysis 
in 1991. 
Before I shall review the latter, let me mention that MacDuffee’s survey 
of I.70 years of matrix theory took 110 pages, and this includes most (if not 
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all) of the results of the classic period of Cauchy, Kronecker, Weinstral3, 
Frobenius, Schur, Sylvester, etc. Gantmacher’s two volumes are complete 
with proofs at 650 pages. Lancaster and Tysmenetsky’s book started out with 
313 pages and now has 570 pages. Gohberg et al.‘s four books add up to a 
total of 1702 pages. 
The book under review, Johnson and Horn’s Topics in Matrix Analysis, 
contains 607 pages, for a total of 1168 pages when combined with its 
predecessor Matrix Analysis. Their first volume contained eight chapters on 
basic aspects of matrix theory at the graduate level, and it has apparently 
become the standard textbook for graduate courses on the subject worldwide. 
The new Topics book contains six chapters: the field of values; stable 
matrices and inertia; singular value inequalities; matrix equations and the 
Kronecker product; the Hadamard product; matrices and functions. The book 
is not self-contained in the sense that basic concepts and definitions. such as 
the Frobenius norm (p. 4), are not repeated from Matrix Analysis. Since 
many of the citations in the text also refer to its predecessor volume, it is a 
good practice to check the indices of both volumes simultaneously for one’s 
queries. 
The book generally gives a magnificent overview combined with detailed 
and pedagogical proofs in many important areas of matrix theory that are 
largely undocumented in book form. A few of the results are new themselves, 
but the essence of the book lies in making available a broad and precise 
description of large parts of the literature on the chosen six topics. We note 
that as many as a quarter of the literature citations and expositions refer to 
papers or works by the two authors, so that this book can be viewed-in a 
way-as an expanded and annotated “collected works” of the authors. Each 
of the six chapters is subdivided into five to eight sections. Some of these 
sections are unrelated to the others within the chapter; others exemplify some 
of the earlier aspects of the exposition. The book in general has a liveliness to 
it that is exemplary. Some of the tangents of thought are pursued; some are 
left untouched. There is a certain feeling of chaos-good chaos-and 
abundance in each of the sections and chapters. 
The chapters treat in sequence: 
Chapter 1: The Field of Values of a Matrix: A long and instructive proof of its 
basic convexity (unfortunately, with some misuse and imprecision of lan- 
guage, on which more later); an axiomatic approach to the “field of values” 
set function; details of its geometry, omitting-unfortunately-Fiedler’s 
result on the differentiability of its boundary; generalizations. 
Chapter 2: Stable Matrices and Inertia: An introduction to Lyapunov theory, 
the Routh-Hurwitz conditions (which at first glance do not look remotely 
like Gantmacher’s Routh-Hurwitz in Chapter 15 of his Volume 2, but so is 
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time: our view of art and science changes, and the important works survive 
with new meanin& generalizations; M- and P-matrices. 
Chapter 3: Singular Value Inequalities: The introduction, pp. 134-144, is 
worth the price of the book alone-a major historical and mathematical 
survey of the area. The SVD; weak majorization and doubly stochastic 
matrices; inequalities for singular values and eigenvalues; Ky Fan’s k-norms; 
unitarily equivalent norms; inclusion intervals for singular values; and 
more. 
Chapter 4: Matrix Equations and the Kronecker Product: Reinterpreting 
matrix equations such as the Lyapunov or commutator equation via Kro- 
necker products; the linear matrix equation; linear preservers. 
Chapter 5: The Hadumard Product: The Schur product theorem and general- 
izations; the Hadamard products A$ A- ’ IT and A”A- ‘; inequalities for 
the eigenvalues, singular values, numerical radii, etc. of Hadamard prod- 
ucts; Hadamard products of nonnegative matrices. 
Chapter 6: Matrices and Functions: Polynomial matrix functions; interpola- 
tion; nonpolynomial matrix functions; Hadamard matrix functions; applica- 
tions to square roots, logarithms, and nonlinear matrix equations; matrices 
of functions; derivatives thereof; monotone and convex matrix functions. 
Many references are included inside each chapter, usually following a 
package of exercises, of which there are plenty There is a comprehensive 
reference list of books following a section on “Hints for problems” and 
preceding the extensive index. But unfortunately, the references to articles 
are not collected in one place. These references to the literature are 
sufficient, but not in any sense encyclopedic, nor were they intended to be. 
This is in no way a drawback, since a tree of relevant references for any one 
area can easily be assembled from the references in the articles cited. 
The book is generally written very lively, clearly and with good mathemat- 
ical and linguistic imagery. Special caveats must, however, be applied to 
much of Chapter 1 and the beginning of Chapter .5. The style there is just too 
“wooden”: nouns everywhere. Take p. 18, top line: “Demonstration of 
convexity of the field of values for the special 2-by-2 form”; or, p. 20, lower 
part: “There are many important consequences of convexity of the field of 
values”; or, p. 19, middle: “Now we can use the unitary similarity invariance 
property (1.28) and . . “; or, p. 66, middle: “With a realization that the 
available results must be limited, we now turn to examining some of what can 
be said about the field of values and products of matrices.” The grammar is 
particularly poor at the start of Chapter 5: p. 29!J, top: “In operator theory 
the Hadamard product . . . and facts about it, has [sic] been studied. . “; p. 
306, middle: “The second equality is by (5.1.2)” (this wording occurs often in 
the vicinity of p. 306); p. 315, top: “. . . where the minimum is over all unit 
246 FRANK UHLIG 
vectors 1~“; p. 316, middle: “All these inequalities are for positive definite 
A,B E M,"; or p. 318, top third: “ . Theorem (5.3.1) gives a better lower 
bound. . . than Theorem (5.3.4) in some instances, but Theorem (5.3.4) is 
better than Theorem (5.3.1) in others”; etc. It is very unfortunate that the 
grammar of these two chapters (or parts there00 is so imprecise and sloppy. 
What is worse for the reader-and the potential graduate student in our field 
-is the mathematical imprecision that has crept in here as well. In order to 
approximate a given matrix A by a rank one matrix XX*, the text contends 
that it is (p. 5, line 5) “equivalent to finding a point in the field of values 
F(A) that is at maximum distance from the origin.” This is reiterated in error 
in Problem 4 on the same page. What is truly equivalent is finding a 
generator x E @” that generates the point X*AX E F( A) furthest away from 
0 E @. The sentence structure used in defining the diagonal matrix D, on p. 
305 is very confusing. The first sentence in the statement of Lemma 5.6.18, 
p. 318 is highly repetitive and redundant. And I chuckled when I read about 
“chemical engineering plants” on p. 300; there are no such things. 
These fla*rs and annoyances are but minor when compared to the overall 
impact and stature of the book. They should be remedied in a second 
printing of this otherwise landmark book. 
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